In traditional Chinese medicine, various parts of Gleditsia sinensis LAM. (Leguminosae) are used for different remedies and express specific therapeutic values. The thorns of G. sinensis are used for the treatment of carbuncle, scabies and suppurative skin diseases, while the mature pods and anomalous fruits (fruits without seeds) are mainly used for treating apoplexy, headache, productive cough, asthma and scabies.
the highest dilution causing a lesion more than 5 mm in diameter.
The antiserum diluted 4-fold with saline (50 ml) was intradermally injected into 2 sites on the shaved dorsal skin of rats. After 48 h, rats were challenged with 0.5 ml of saline containing 2 mg of ovalbumin and 5 mg of Evans blue via the tail vein. After 30 min, the animals were sacrificed, and the skin surrounding spots were removed. After incubation with 1 N KOH, the dye that had leaked into the spots was extracted with a mixture of acetone and phosphoric acid, and was determined colorimetrically. AFGS was orally administered 1 h before the challenge of ovalbumin. DSCG was intravenously injected just before the challenge.
Histamine Release from Rat Peritoneal Mast Cells As previously described, 14) mixed rat peritoneal cells were collected by peritoneal lavage and were purified by centrifugation through Ficoll density gradient. Purified mast cells were washed and resuspended in PBS (NaCl 154 mM, KCl 2.7 mM, CaCl 2 0.9 mM, Na 2 HPO 4 4 mM, KH 2 PO 4 2.7 mM, glucose 5.6 mM and 0.1% bovine serum albumin). Mast cell preparations were about 92% pure as assessed by toluidine blue staining. Cell viability was confirmed to be around 90% before and after experiments by the trypan blue exclusion test.
Purified mast cells (2ϫ10 6 cells/ml) were preincubated at 37°C for 10 min. Then, AFGS and DSCG dissolved in PBS were added 5 min before activation by compound 48/80 (0.5 mg/ml). The reaction was stopped 10 min later by chilling the test tubes in ice water. The supernatant and cell pellets were then separated by centrifugation, and 0.05% Triton-100 was added to the cell pellets to liberate the residual histamine. After addition of 0.036% OPT methanol solution, histamine content in supernatant (Supernatant) and cell pellets (Cell pellet) was determined spectrofluorometrically (Em 360 nm, Ex 450 nm). To estimate the spontaneous release of histamine (Spontaneous), exactly the same procedure was followed but without adding samples or compound 48/80. The release percentage of histamine was calculated by the following equation.
Skin Reactions Induced by Histamine and Serotonin in Rats Histamine-and serotonin-induced cutaneous reactions were carried out as previously described. 15) Briefly, 50 ml of histamine (2 mg) and serotonin (0.02 mg) were intradermally injected into the spots on the shaved dorsal skin of rats, respectively. Thereafter, 1 ml of physiological saline containing 5 mg of Evans blue was immediately injected into the tail vein. AFGS and prednisolone were orally administered 1 h before challenge. Animals were sacrificed by bleeding 30 min after the induction of reactions, and the skin surrounding each reaction spot was cut off, from which the extravasated dye was extracted and assayed using the method described in rat PCA.
Hind Paw Edema Induced by Carrageenin in Rats The acute hind paw edema was produced by subcutaneously injecting 0.1 ml of 1% carrageenin, suspended in sterile physiological saline, into the right hind paw of the rats. AFGS and indomethacin were orally administered 1 h prior to the injection of carrageenin. The rat pedal volume up to the ankle joint was measured just before and 1 or 3 h after the injection of carrageenin. Data were expressed as a percentage increase of paw volume in relation to the initial values.
Vascular Permeability Induced by Acetic Acid in Mice Mice received an intravenous injection of 0.5% Evans blue saline solution and an intraperitoneal injection of 0.6% acetic acid (10 ml/kg). After 20 min, the dye that leaked into the peritoneal cavity was collected by lavaging with 10 ml of distilled water. After centrifugation, the amount of dye was measured colorimetrically. AFGS and indomethacin were orally administered 1 h prior to the injection of acetic acid.
Ear Swelling Induced by Croton Oil in Mice The croton oil ear test was performed as described. 16) Each mouse received 15 ml of an acetone solution of croton oil on the inner surface of the right ear (75 mg croton oil/ear). After 6 h, the animals were sacrificed by cervical dislocation, and thickness of the ears was measured by a dial thickness gauge. The swelling percentage was determined in relation to the thickness of untreated left ears. AFGS and indomethacin were orally administered 1 h prior to the application of croton oil.
Statistics All values were presented as mean values ϮS.D. The statistical significance between groups was calculated by analysis of variance of the Student's t-test. All p values less than 0.05 (pϽ0.05) were considered significant.
RESULTS

Effect on Systemic Anaphylactic Shock Induced by
Compound 48/80 in Mice As shown in Table 1 , an intraperitoneal injection of compound 48/80 (10 mg/kg) resulted in a fatal shock in 90% of mice, and AFGS pretreatment (200, 500, 1000 mg/kg, p.o.) dose-dependently reduced the mortality rate.
Effect on Passive Cutaneous Anaphylaxis (PCA) in Rats AFGS (500, 1000 mg/kg, p.o.) and DSCG (2 mg/kg, i.v.) clearly inhibited PCA in rats by 50%, 56.8% and 62.5%, respectively. However, AFGS (200 mg/kg) did not affect PCA (Fig. 1) .
Effect on Histamine Release from Rat Peritoneal Mast Cells Induced by Compound 48/80
The spontaneous release of histamine from rat peritoneal mast cells was 9.4%. Compound 48/80 (0.5 mg/ml) elicited about 80% histamine release from mast cells. AFGS (20, 50 mg/ml) pretreatment significantly reduced the release by 35.7% and 53.5%, respectively. DSCG, a stabilizer of mast cell membrane, also clearly reduced the histamine release at a concentration of 500 mg/ml. However, AFGS (5 mg/ml) did not affect the release (Fig. 2) . Mice were orally given AFGS 1 h prior to intraperitoneal injection of compound 48/80 (10 mg/kg). Mortality rate (%) within 1 h after the injection of this compound was represented as number of dead miceϫ100/total number of experimental mice.
Effect on Cutaneous Reactions Induced by Histamine and Serotonin in Rats
Cutaneous reactions were elicited by an intradermal injection of histamine (2 mg) and serotonin (0.02 mg), respectively. AFGS (200, 500, 1000 mg/kg, p.o.) dose-dependently reduced the skin reaction induced by histamine, and it also showed a clear inhibition on the skin reaction induced by serotonin at doses of 500 and 1000 mg/kg. Prednisolone, a steroidal anti-inflammatory agent, significantly inhibited the reactions at a dose of 20 mg/kg (Fig. 3) .
Effect on Hind Paw Swelling Induced by Carrageenin in Rats As shown in Fig. 4 , a subcutaneous injection of carrageenin (1%, 0.1 ml) into the hind paw of rats produced 21.3% and 50.8% of swelling at 1 and 3 h after the injection, respectively. AFGS (200, 500, 1000 mg/kg, p.o.) reduced the hind paw swelling at 1 and 3 h in a dose-dependent manner. Indomethacin, a nonsteroidal anti-inflammatory agent, also significantly inhibited the hind paw swelling at a dose of 10 mg/kg. Diluted rat anti-ovalbumin serum (50 ml) was intradermally injected into spots on the dorsal skin of rats. After 48 h, rats were challenged with 2 mg of ovalbumin and 5 mg of Evans blue via tail vein. After 30 min, animals were sacrificed, and the amount of dye that leaked into the spots was determined. The amount of dye in the skin without reaction was 0.4Ϯ0.2 mg/site. AFGS was orally administered 1 h before the challenge of antigen, and DSCG was intravenously injected just before the challenge. Data are meansϮS.D. of 5 rats. ** pϽ0.01.
Fig. 2. Effects of AFGS and DSCG on Compound 48/80-Induced Histamine Release from Rat Peritoneal Mast Cells
Purified mast cells (2ϫ10 6 cells/ml) were preincubated at 37°C for 10 min. Then, test samples dissolved in PBS were added 5 min before activation by compound 48/80 (0.5 mg/ml). The reaction was stopped 10 min later. After centrifugation, histamine contents in supernatant and cell pellets were determined. Data are meansϮS.D. of 3 experiments. ** pϽ0.01.
Fig. 3. Effects of AFGS and Prednisolone (Pred) on Histamine-or Serotonin-Induced Permeability in Rats
Histamine (2 mg) and serotonin (0.02 mg) were intradermally injected into the spots on the dorsal skin of rats, respectively. Thereafter, 1 ml of saline solution containing 5 mg of Evans blue was immediately injected into the tail vein. AFGS and prednisolone were orally administered 1 h before challenge. Rats were sacrificed 30 min after the induction of reactions, and the amount of dye that leaked into the spots was determined. Data are meansϮS.D. of 7 rats. * pϽ0.05, ** pϽ0.01.
Fig. 4. Effects of AFGS and Indomethacin (Indo) on Hind Paw Swelling Induced by Carrageenin in Rats
Carrageenin (1%, 0.1 ml) was subcutaneously injected into the right hind paw of rats. The volume of that paw was measured just before and 1, 3 h after the injection, and swelling of the paw was expressed as a percentage increase in paw volume in relation to the initial values. AFGS and indomethacin were orally administered 1 h prior to the injection of carrageenin. Data are meansϮS.D. of 8 rats. * pϽ0.05, ** pϽ0.01.
Fig. 5. Effects of AFGS and Indomethacin (Indo) on Vascular Permeability Induced by Acetic Acid in Mice
Mice received an intravenous injection of 0.5% Evans blue and an intraperitoneal injection of 0.6% acetic acid (10 ml/kg). After 20 min, the animals were sacrificed, and the dye that leaked into the peritoneal cavity was measured. AFGS and indomethacin were orally administered 1 h prior to the injection of acetic acid. Data are meansϮS.D. of 10 mice. * pϽ0.05, ** pϽ0.01.
Effect on Vascular Permeability Induced by Acetic
Acid in Mice AFGS (200, 500, 1000 mg/kg, p.o.) dose-dependently reduced the plasma exudation induced by acetic acid in mice. Significant difference was observed at a dose of 1000 mg/kg. Indomethacin (20 mg/kg, p.o.) also clearly inhibited the exudation (Fig. 5) .
Effect on Ear Swelling Induced by Croton Oil in Mice As shown in Fig. 6 , the average swelling of mouse ears reached 62.6% at 6 h after the application of croton oil. AFGS (500, 1000 mg/kg, p.o.) and indomethacin (50 mg/kg, p.o.) significantly inhibited the ear swelling by 25.9%, 36.6% and 38.5%, respectively. AFGS (200 mg/kg) did not affect the swelling.
DISCUSSION
In the present study, the antiallergic and anti-inflammatory properties of the 70% ethanolic extract from the anomalous fruits of Gleditsia sinensis (AFGS) were evaluated by different experimental models. AFGS dose-dependently inhibited homologous passive cutaneous anaphylaxis in rats and systemic anaphylactic shock in mice mediated by the vasoactive substances histamine and serotonin secreted from mast cells and basophils due to compound 48/80. 13) In order to explore the mechanisms by which AFGS reduced immediate allergic reactions, we observed the effects on histamine release from mast cells and the inflammatory action of mediators. Results showed that in vitro AFGS (20, 50 mg/ml) exhibited a significant and more potent inhibition on histamine release from rat peritoneal mast cells triggered by compound 48/80 than DSCG (500 mg/ml), and in vivo AFGS clearly reduced the skin reactions induced by histamine and serotonin in rats at doses of 500 and 1000 mg/kg. These findings suggest that the antiallergic activities of AFGS are probably mediated by reducing the release of mediators such as histamine from mast cells and weakening the inflammatory action of these mediators.
Shin and Kim 2) reported that the aqueous extract from thorns of G. sinensis inhibited systemic and local anaphylaxis induced by compound 48/80 and anti-DNP IgE, respectively, and reduced the histamine level in plasma and in vitro histamine release from rat peritoneal mast cells. Taken together with our findings, it can be suggested that the anomalous fruits of G. sinensis share a common mode of action on immediate allergic reactions with the thorns of G. sinensis.
Furthermore, the effect of AFGS on acute inflammation was observed. AFGS (500, 1000 mg/kg, p.o.) showed a significant inhibition on the hind paw edema in rats and ear swelling in mice caused by carrageenin and croton oil, respectively. It also showed a clear inhibition on the vascular permeability induced by acetic acid in mice at a dose of 1000 mg/kg. As mediators (e.g., histamine, serotonin and prostaglandins) that are secreted from mast cells play pivotal roles in the onset and development of inflammation, the inhibitory effects of AFGS on histamine and serotonin probably contribute to the anti-inflammatory action.
In conclusion, the 70% ethanolic extract from the anomalous fruits of G. sinensis exhibits an inhibitory effect on immediate allergic reactions and acute inflammation, which can be mediated by reducing the release of mediators from mast cells and weakening the inflammatory effects of these mediators. Further studies are needed to elucidate the precise mechanism of action and effective constituents of G. sinensis. Vol. 25 , No. 9 Croton oil (75 mg/mouse) was applied to the right ears of mice. After 6 h, the animals were sacrificed, and the thickness of ears was measured. The swelling percentage was determined in relation to the thickness of untreated left ears. AFGS and indomethacin were orally administered 1 h prior to the application of croton oil. Data are meansϮS.D. of 8 mice. * pϽ0.05, ** pϽ0.01.
